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ABSTRACT: The study aims to reveal the state of the primary production and 
microzooplankton grazing in 2008, which marks the end of the series of dry and hot years, 
through dilution experiments. In the dilution experiments, primary production, grazing 
rates and vertical integrations were calculated at different light intensities. Growth rates at 
higher light intensities were at maximum levels and constant, while grazing at the same 
light intensity was rapidly increased. Hence, there was a notable decrease in the net growth 
rate. The calculated primary production levels were compared to the results obtained in the 
dilution experiments. The low chlorophyll-a values determined in the study area were 
examined with respect to the measurements of reactive phosphorus levels, grazing rate, 
and Cu concentration. The mean value of the primary production is 214 mgC/m2 day and 
it is within the reported range.  The primary production values recorded in each season 
were integrated for a year and the annual production value was calculated as 775.2 gC/m2 
year. No bloom was observed in any phytoplankton during the four seasons. Therefore, it 
can be regarded as the annual minimum value of the calculated primary production. The 
net primary production was 57.9g C/m2 year. Higher grazing values indicate that the 
primary production was transferred to the food web. 
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INTRODUCTION 
 
In the Black Sea, the surface waters salinity of ~17.9 %o separates the salinity of ~22,5 
%o at 100 m water depth forming a pycnocline. A stable density gradient of 1 σ unit is 
present at 100 m (Kempe et al., 1991). This stability is maintained by the Mediterranean 
waters entering from the straits and the freshwaters carried by the rivers. Vladimirov et al., 
(1997) opined that the eutrophication in the coastal areas and deep waters of the Black Sea 
was predominant due to the long-term increase in the nutrient inputs of anthropogenic 
origin. In the same study, the researchers attributed the decrease in transparency of the 
Black Sea during the period from 1986 to 1992 due to the increasing growth of Peridinium 
and coccolithophore populations and they added that the structure of the plankton 
community was altered.  
Until 10000 (Ross, 1971)- 9000 (Deuser, 1974) years earlier from the late Pleistocene 
and early Holocene, the Black Sea had the characteristics of oxygenated freshwater or 
brackish water (Deuser, 1974). Its salinity had increased until 3000 years earlier and from 
that date forward, carbonate precipitation had occurred. While the freshwater conditions 
were dominant in the Black Sea during the in question period, important amounts of 
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material were transferred from the land to the basin through periodic overflows (Ross et 
al., 1970). The first 20 cm of the Black Sea sediment, i.e. the part representing the period 
from 2900±140 years earlier to the present day (Degens et al., 1970), is made up of 2 μm-
diameter CaCO3 scales called coccoliths generated by a single species, Emiliania huxleyi. 
After the post-glacial period (Manheim, 1970), intense E. huxleyi growth removed 
dissolved CO2, Reactive Phosphorus (RP) and Nitrate from the water while removing CO2 
from the atmosphere (Buitenhuis et al., 1996). Furthermore, the onset of coccolith 
formation is attributed to the limitations of RP, NO3-, and CO2 that follow the overgrowth 
of the species as a result of the increasing partial CO2 pressure. Rickaby et al., (2006) 
reported the notable relationship between the distinct increase in the Sr/Ca ratios in 
coccolith scales and the periods in which the earth is the closest (Aphelion) and farthest 
(Perihelion) to the sunbecause of its eccentric orbit. The three, scale formation-related 
parameters (RP, N, and CO2) are due to the overgrowth of the algae. Intensely growing in 
the Black Sea during the interglacial period and leaving their marks on the sediment 
through CaCO3 formation, coccolithophores are among the most important CaCO3-
producing organisms. These organisms also serve as a carbonate pump that draws CO2 
from the atmosphere, while, in the form of CaCO3, carrying CO2 to the sediment (Westroek 
et al., 1993). CO3= export on the ocean surface more efficiently transports the organic 
carbon to the deep waters than does diatom silica (Armstrong et al., 2002). 
According to Vladimirov et al. (1997), the eutrophication in the coastal areas and deep 
waters of the Black Sea is mainly associated with the long-term increase in the nutrient 
inputs of anthropogenic origin and the contribution of the biogenic components of the 
nitrogen and phosphorus transferred by the Dnieper and Danube rivers to the Black Sea is 
75%. This ratio had increased 5-7-fold during the period from the 1960s to the 1980s and 
accordingly, the decrease in annual mean Secchi Disk depth reached 2 m in the same 
period. The apparent decrease in the transparency of the Black Sea during the period from 
1986 to 1992 was due to the increasing growth of Peridinium and coccolithophore 
populations and the structure of the plankton community was altered. The white color of 
coccolithophores played an important role in the change in Secchi transparency through its 
role in light scattering. This impact was observed until the 1995s. The structure of 
phytoplankton was significantly altered due to the influence of invading species such as 
Mnemiopsis leidyi. The size of the herbivorous zooplankton population consumed by          
M. leidyi decreased while the size of the phytoplankton population increased. At the end of 
the 1980s, the long-term periodic oscillations in the decrease of secchi disk was linked to 
the sun’s activity cycle of 11 years. Water transparency slowly increased after 1992 and 
reached the levels in the 1980s (Vladimirov et al., 1997). 
Coccolithophore growth results in the scattering of the light from the ocean surface 
(Tyrrell et al., 1999) and affects heat exchange through reflection at the surface water. 
With reference to this exchange, the study aimed to determine the primary productionand 
microzooplankton grazing rate in the Black Sea in 2008 using the dilution method, as the 
year marks the end of the effect of global warming. 
 
MATERIALS AND METHODS 
 
Study Area: The Black Sea, which is a large semi-enclosed sea, is located between 
                Özkan et al.: Microzooplankton grazing in south eastern Black sea                 3 
 
the latitudes of 40o 55΄ and 46o 42΄and a longitude of 27o 27΄ and 41o 42΄(Ozkan and 
Buyukisik, 2012). It has historically been one of the most biologically and ecologically 
productive marine ecosystem in the world (Ivanov and Beverton, 1985; Mee, 1992; Bat et 
al., 2009). The Black Sea is surrounded by six countries from Europe and Asia: Bulgaria, 
Georgia, Romania, Russia, Turkey, and the Ukraine (Altas and Buyukgungor, 2007). To 
the South, it is connected to the Mediterranean through the Bosphorus Strait, which is the 
world’s narrowest strait, with an average width of 1.6 km, a depth of 36m, and a total length 
of 31 km (Bakan and Buyukgungor, 2000). To the North, The Black Sea is connected with 
the Sea of Azov through the shallow Kerch Strait, which has a depth of less than 20m 
(Ozkan and Buyukisik, 2012). The most important property of the Black Sea is the 
permanent anoxic deep water due to hydrogen sulfide which makes it the world’s largest 
anoxic water mass. This H2S provides the main condition for the accumulation of abyssal 
sediments rich in organic matter. The abyssal sediments of the Black Sea lack benthic fauna 
and consist of just plankton remains because of the H2S contamination (Emelyanov et al., 
2005). 
Below the layer of oxygenated surface water, hydrogen sulfide is connected with the 
exchange of the Mediterranean and Black Sea waters as a result of a very high fresh water 
runoff from the surrounding lands (Emelyanov et al., 2005). The hydrographic regime 
forms the low-salinity surface water of river origin and overlying high-salinity deep water 
of Mediterranean origin entering through the Bosphorus Strait. A steep pycnocline centered 
at about 50m is the primary physical barrier to mixing and is the origin of the stability of 
the anoxic interface (Murray et al.,1989; Bakan and Buyukgungor, 2000). Besides, the 
effluents discharge from the major European rivers (Danube, Dniper, and Don rivers) and 
Turkish rivers (Kızılırmak, Yeşilırmak and Sakarya rivers) accumulate into the Black Sea 
forming the main source of pollution.Undamaged fishing, unrestricted shipping, mineral 
exploitation, dumping of toxic wastes, discharge of domestic wastes from the coastal cities, 
and pollutants carried by rivers mainly pollute the Black Sea (Tuncer et al., 1998; Altas 
and Buyukgungor, 2007).  
Analytical Procedure: 
Samplings in four cruises (April 2008, August 2008, November 2008 and February 
2009) were conducted with RV- Sürat Araştırma-I at the station 2 km away from Trabzon 
in the Eastern Black Sea (Fig.1). Water samples for dilution experiments were collected to 
six 20 L carboys which are shielded covered by White clothes using diaphragm pump at 
the depth of 10 meters. Sieving through a 280 µm mesh net first to remove 
mesozooplankton grazers is a common procedure in such experiments (Landry and Hassett, 
1982, Dawning et al. 1999). Dilution experiments were carried out at different light 
intensities for primary productivity and grazing determination. Water samples for Chl-a 
determination were filtered on the 47 mm Whatman GF/C filter paper under reduce 
pressure (1/4 atm) and then frozen at -20 0C until analysis. The extraction was made in 
acetone (%90). Chl-a concentrations were determined with Hach-lange DR 4000 
spectrophotometer using tricolormatic method. Light intensity changing with depth was 
measured using LiCOR light meter with deck and submarine light sensors. Light 
measurements were made hourly during the day as µmol photon/m2s. 
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Fig. 1. Research area and sampling station (Black Sea). 
 
The plankton samples were transferred to plastic bottles after fixation with lugol. 
The samples were rested for sedimentation, then siphoned and concentrated to 1.5 ml. 
The dilution experiments were carried out using the sea water obtained from the depths of 
10 m to maintain the temperature of the samples. The 3 L plastic bottles used in the 
experiment were perforated and placed in thick plastic water jackets while leaving their 
caps in the open. 
Paired incubations were carried out at 4 different dilution levels (natural sea water 
percentage) comprising D (%)= 100, 70, 45, and 20. The dilution levels of D (%)= 100, 90, 
80, and 70 were used at lower chlorophyll-a concentrations. Prior to dilution, filtered sea 
water (0.2µm) was enriched with reactive silica (RSi), reactive phosphorus (RP), and 
nitrogen (NO3--,NH4+-N). The Guillard (1975) f/2 medium was used to obtain the final 
nutrient concentration. Firstly, sea water filtered through a cartridge of 0.45 + 0.2 µwas 
transferred to 3 L plastic bottles until it reached a certain volume; after the addition of the 
essential nutrients, the samples were brought to the final volume of 2.7 l with natural sea 
water. In addition, to determine the in situ growth rates of the phytoplankton community, 
two 3 L plastic bottles were filled with unfiltered sea water without adding nutrients. All 
experimental bottle series in the water jackets were incubated 24 hours at a constant 
temperature (at 10OC in April and February, 16.6OC in November and 26OC in July). The 
biomass measurements in experimental plastic bottles were carried out using the in vivo 
chlorophyll-a mode of the Turner Designs field fluorometer model 10 AU calibrated with 
a natural phytoplankton culture. Because of the cloud cover, subsurface light intensities 
throughout the water column were converted to percent permeability by making surface 
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adjustments. At extremely low chlorophyll-a concentrations, natural sea water plankton 
was used after being further concentrated to 100-fold with a cream separator apparatus. 
Moreover, the experimental series containing eight 3-l plastic bottles were prepared 
using white nylon cloth layers and a curtain was used to obtain five different light 
intensities (6-9% I0, 30% I0, 50-64% I0, 74% I0, and 100% I0). 
During the study, all 16 dilution experiments were performed by following the clean 
practice protocols. All plastic bottles, silicone hose, and filter cartridges were kept in a 10% 
HCl-ultra-pure water solution (18,2 MΩ) overnight. Then they were cleaned three times 
with ultra-pure water, filtered, and shaken with sea water. All samplings, sub-samplings, 
and cleaning practices were conducted using rubber gloves. 
The dilution method introduced by Landry and Hassett (1982) was used to determine 
the primary production. By employing this dilution method, max,  in-situ, and g(grazing 
rate) were determined using regression analysis; 
PP=. Cm.(C/Chl-a) 
PP (primary productivity) represents the primary production (C/L. day); Cm 
represents the logarithmic mean of the Chl-a biomass values in the previous day and the 
next day (g Chlmean/L).Since the particulate organic carbon (POC) values mostly 
contained non-photosynthetic organisms and debris, C/Chl-a ratio was calculated by 
referring to Stelmakh et al., (2002) and the mean C/Chl-a ratio was determined to be 90 
using daily light intensity (mol photon/m2 day) which was also used in the primary 
production calculations. 
 
RESULTS AND DISCUSSION 
 
Dominant micrograzers were identified to be Salpingella sp. in the spring, 
Albatrosiella sp. in the summer Prorocentrum spp. and Dinophysis rotundata in autumn, 
and Prorocentrum spp, Euglena sp., and Favella sp. in winter. The dominant organism in 
spring and autumn was Emiliania huxleyi (Table 1) (Fig. 2). 
The dilution experiments showed that the microzooplankton grazing rates closely 
followed the phytoplankton growth rates and microzooplankton adjusted its grazing 
threshold in accordance with the incident light. In autumn, microzooplankton regulated its 
own grazing rate and reached the growth rates of phytoplankton (Fig. 3). 
In spring, light intensity during noon was 1800 µmol/m2 h just below the surface, while 
it decreased to 400µmol/m2 h at 15 m below the surface. The mean light extinction 
coefficient, k, was -275 m-1. The primary production at the surface was relatively low due 
to low Chl-a value and increased towards the deeper levels. The primary production 
reached its maximum value of 262 µgC/L day at 4 m (Fig. 4) and decreased from this depth 
onward until it reached zero at 20 m. The calculated integrated gross primary production 
was 2237 mgC/m2 day and the water column carbon inventory was 1258 mgC/m2 day. Net 
primary production was calculated to be 81 mgC/m2 day. At the surface, the biomass 
removed via grazing was 98% of the total biomass, while it was 89% of the total biomass 
at 7 m. In other words, phytoplankton biomass is efficiently transferred to the food web. 
Furthermore, turnover rate was determined to be 1.77 (SD:1.18) day-1, which indicates that 
the daily turnover of production was 2. 
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Table 1. Identified microplankton community and their abundances at the sampling 
station during the four seasons. 
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Fig. 2. Some of the identified plankton species: a. Salpingella sp.; b. Protoperidinium 
divergens; c. Procentrum compressum; d. Coscinodiscus radiatus; e. Octactis 
octonaria; f. Emiliana huxleyi. 
 
Fig. 3. The diagram of g/μmax and the change in g and μmax depending on light intensity. 
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Fig. 4. The vertical distribution of PP (primary productivity) and PAR (photosenthetically            
active radiation) in spring. 
 
Fig. 5. the vertical distribution of PP (primary productivity) and PAR (photosenthetically 
active radiation) in summer. 
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In summer, the k coefficient calculated based on the light intensity values that was 
determined below the water was -0.428 m-1 for the first 5 m, while it was -0.238 m-1 for the 
entire water column. Fig. 5 shows the vertical decrease and measurements of light. The 
extremely low value of Chl-a was markedly limited the primary production. The maximum 
production was 4.28 µgC/L day and determined at 11-12 m. The calculations for grazing 
showed that it was half the production rate (1.96µgC/L day). The primary production 
integrated from the surface to the bottom was 33.3 mgC/m2 day and carbon inventory was 
3.02 mgC/m2. The turnover rate in the season was 1.10 day-1, which indicates the 
production of one time cycled in a day and the daily removed biomass decreased from 84% 
to 3% from the surface towards the bottom. 
In autumn, 98% of incident light on the surface was transmitted to the under water. 
Under the surface, it drops from 1000 to 250 µmol/m2s in 5 m (Fig. 6). The light extinction 
coefficient was -0.153 m-1 and the light extinction coefficient calculated for the first 5 m 
was -0.298m-1. Primary production increased from the surface towards 4 m and reached a 
maximum of 539 µgC/L day. Following the decrease of the Chl-a value to zero, the 
production also decreased to zero at 5m. A second maximum was calculated at 10 m. 
Integrated primary production was 3348 mgC/m2 day and carbon inventory was 1036.4 
mgC/m2. Turnover rate was 3.323 day-1 (SD= 0.51) and the turnover of primary production 
per a day was 3, while the net primary production was 560.8 mgC/m2 day. 
 
Fig. 6. The vertical distribution of PP (primary productivity) and PAR (photosenthetically 
active radiation) in autumn. 
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 In winter, primary production reached a maximum value of 254 µg C/L day at 7-8 m. 
The grazed primary production was higher than the net primary production (Fig. 7), which 
indicates that standing stock of phytoplankton will be consumed over time. Grazing came 
to a standstill at 20 m. Integrated primary production was 2995.4 mg C/m2 day and carbon 
inventory was1080.4 mg C/m2. The turnover rate of 2.77 day-1 indicates a primary 
production cycled ten times in a day.  Net production was -106.5 mgC/m2 day. 
 
Fig. 7. The vertical distribution of PP (primary productivity) and PAR (photosenthetically 
active radiation) in winter. 
 
A production of  775.2gC/m2 year was calculated by integrating the primary 
production values in each season for a year. No bloom of any phytoplankton species was 
observed for any of the four seasons. Therefore, the calculated primary production can be 
regarded as an annual minimum value. Considering its negative value, the net primary 
production in summer was excluded from the annual total, which was found to be 
57.9gC/m2 year. 
Sorokin (1964) determined that, in case of low reported values, the primary production 
determined via 14C incubations was 1.5 times lower than its actual value and low values 
were due to the errors in the 14C method itself. In the 1960s, the production levels at the 
gyre centers of the Black Sea had values as low as 100-200 mgC/m2day. Vertical mixing 
processes reaches their most active levels in the north-west basin and the surface waters 
are therefore enriched in nutrients, which resulted in the primary production values of 500-
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2000 mgC/m2 day as reported by the researchers (Sorokin, 1964). The gross primary 
production value of 1908 mgC/m2 day as the mean of the values from four seasons found 
in the present study agrees with the results obtained by other researchers.  
The net primary production value as 1.43 mgC/m2 day in summer reached to 560.8 
mgC/m2 day in winter. The mean value of primary production was 214 mgC/m2 day was 
within the previously reported range of 194-405 (Ediger and Yılmaz, 2003). Stelmakh          
et al. (1998) reported primary production levels ranging from 100 to 700 mgC/m2 day, 
which agrees with the results reported in the present study. 
 
CONCLUSSION 
 
The primary production value calculated via the dilution method has reached its 
highest value in autumn and had the lowest value in winter. The highest turnover rate was 
calculated to be 3 and determined for autumn, which indicates a primary production cycled 
three times in autumn. In autumn, albeit the light inhibition reaches until 2-2.5 m-deep 
layers, only 2/3 of the primary productivity carried out grazing, which led to high levels of 
net primary production.  
The higher level of grazing than that of the primary production in winter indicates that 
the standing stock of phytoplankton will be consumed over time. Grazing was ceased in 
depths below 20 m. A similar situation to that in winter had occurred in the spring. Thus, 
phytoplankton biomass was efficiently transferred to the food web in both seasons.  
In summer, primary production was limited by the light inhibition. The decrease in 
grazing at 14-15 m resulted in an increased primary production. The extent of the stock to 
35 m is attributable either to its future addition to the orgC stock, which will form the 
detritus by disintegration, or to the support it will provide to the stock that will be consumed 
on the surface by utilizing the decreasing light intensity, which causes a refuge from for 
grazing. 
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